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Abstract— This project investigates the development of Glass Fibre Reinforced Gypsum (GFRG) blocks using recycled
gypsum (from waste gypsum boards), rice husk, chopped glass fibre strands, cement, and fly ash. Three mix designs were
formulated with varying proportions of gypsum (40-50%), fly ash (20—-25%), cement (15-20%), rice husk (10-15%), and 5%
glass fibre. A total of 12 blocks (100 mm cube, 2.5 kg each) were cast and tested for compressive strength, water absorption,
and density at 7 and 28 days. The expected results show that all GFRG blocks outperform traditional clay bricks, achieving
28-day compressive strengths of 4.0-4.5 N/mm? (vs. 3.5 N/mm? for clay bricks) and water absorption of 9-12% (vs. 18-25%
for clay bricks). With recycled gypsum and rice husk obtained free from construction sites and local rice mills, the total
material cost for 12 blocks is approximately I548 (345.67 per block). This project demonstrates that GFRG blocks
manufactured from recycled and waste materials provide a technically superior, environmentally sustainable, and cost-
effective solution for affordable housing construction.
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l. INTRODUCTION

The conventional construction industry is facing critical challenges due to environmental degradation, depletion of renewable
resources like topsoil, and excessive energy consumption, creating an urgent need for eco-friendly and cost-effective
alternatives. This project addresses these issues by utilizing waste materials such as gypsum (abundantly available from
industrial byproducts), fly ash, and rice husk, reinforced with glass fibres to develop novel GFRG blocks.

Designed as a modular alternative to large panels for easier transport and handling, three mix proportions were evaluated
with gypsum content ranging from 40-50%, fly ash 20-25%, cement 15-20%, rice husk 10-15%, and 5% glass fibres. This
innovative walling unit offers significant advantages including a smooth surface finish that eliminates plastering, lightweight
properties, excellent thermal insulation, and reduced environmental impact through minimized resource extraction.

The primary objectives are to:
o Create a sustainable substitute for conventional clay bricks
e Match or exceed traditional bricks in strength, water absorption, and durability
e Promote effective waste management and economic well-being
e  Support India's need for mass-scale affordable housing
1. MATERIAL AND METHODS
2.1 Materials Used
211 Cement

Cement is the important binding material in construction. Ordinary Portland Cement was used in this research.
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Figure 1: Cement

2.1.2  Fly Ash

Fly ash improves workability (due to round-shaped particles), reduces drying shrinkage and permeability, and increases
ultimate strength and durability. It is a waste product from thermal power plants.

Figure 2: Fly Ash

2.1.3 Rice Husk

Rice husk comprises cellulose (50%), lignin (30%), silica (20%), and moisture (15%). It improves stability and workability,
provides waterproofing and insulation properties, acts as a supplementary binder, and resists chloride, sulphate, and corrosion
attack. It is an agricultural waste material.
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Figure 3: Rice Husk

214  Gypsum

Gypsum acts as a long-term strength gainer, controls the rate of hardening, and is less soluble at high temperatures. It was
collected from the fertilizer industry as a byproduct. The specific gravity of gypsum was found to be 2.4.
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Figure 4: Gypsum
2.1.5 Glass Fibre

Glass fibres are common type of fibre-reinforced plastics arranged randomly, flattened into sheets, or woven into fabrics.
They are cheaper, more flexible, and enable reduced block weight. Glass fibre is available in mesh or honeycomb form.

Figure 5: Glass Fibre

2.2 Preliminary Tests for Materials
2.2.1  Gypsum Tests
Test 1: Determination of Standard Consistency (Vicat Apparatus)

The standard consistency is defined as the water-to-gypsum ratio (%) that allows a 10mm diameter plunger to penetrate the
paste to a point 5x1mm from the bottom of the Vicat mould.

Calculation: Standard Consistency (%) = (Weight of Water / Weight of Gypsum) x 100
Test 2: Determination of Initial and Final Setting Time (Vicat Apparatus)
o Initial Set: Time elapsed when the needle fails to penetrate the paste 5+1mm from the bottom of the mould

e Final Set: Time elapsed when the circular attachment fails to leave an impression

Figure 6: Vicat Apparatus

2.2.2 Cement Tests

Test 1: Standard Consistency and Setting Time — Same procedure as gypsum using Vicat apparatus
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Test 2: Fineness Test by Dry Sieving (IS Sieve 90 micron)

Calculation: Fineness (%) = (W2/ W1) x 100 (Lower percentage indicates finer cement)

Figure 7: Sieve Analysis

223 Fly Ash

Fineness test using 45-micron IS sieve (instead of 90 micron for cement)

2.24  Rice Husk

Moisture Content Test:

Calculation: Moisture Content (%) = [(W2 - W3) / (W2 - W1)] x 100

2.25  Glass Fibre

Visual Inspection and Filament Count: Check for lumps, discoloration, or signs of moisture/damage

2.3 Methodology

1 Get/Make Blocks using sp_ecmed mix Standard bricks Fair comparison
proportions
2 Size and Weight 100 mm cube, 2.5 kg each 230x110x70 mm or 190x190x90 Compare strength,
mm, 2.5-3 kg etc.
3 Number of 3 sets of 4 blocks each (Total 3 sets of 4 bricks each (Total 12) Evaluate at 7 and 28
Samples 12) days
Compressive strength, water Compressive strength, water Prove block
4 Tests . : S
absorption absorption superiority
2.4 Mix Design Proportions
TABLE 1
Mix DESIGN PER BLOCK i2.5 KG i — PERCENTAGE AND WEIGHT
A 50 20 15 10 5 100 2.5
B 45 20 20 10 5 100 2.5
C 40 25 15 15 5 100 2.5
TABLE 2
MATERIAL QUANTITIES PER BLOCK (KG)
A 1.25 0.5 0.375 0.25 0.125 2.5
B 1.125 0.5 0.5 0.25 0.125 2.5
C 1 0.625 0.375 0.375 0.125 2.5
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. RESULTS AND DISCUSSION

3.1 Expected Results

Based on the material properties and mix designs, the following results are expected:

TABLE 3
EXPECTED COMPRESSIVE STRENGTH RESULTS
Set 7-Day Strength (N/mm?) 28-Day Strength (N/mmg2)
A 2.8-3.2 40-43
B 3.0-34 42-45
C 2.6-3.0 3.8-4.1
Clay Brick (Control) — ~3.5

SET A (50:20:15:10:5) SET B (45:20:20:10:5) SET C (40:25:15:15:5) SET D ( CLAY BRICKS)
7 DAYS ™28 DAYS

Figure 8: Compression Test

TABLE 4
EXPECTED WATER ABSORPTION RESULTS
Material Water Absorption (%)
GFRG Blocks (Set A) 9-11%
GFRG Blocks (Set B) 10-12%
GFRG Blocks (Set C) 11-13%
Clay Brick (Control) 18-25%

25.00%

20.00%

15.00%

10.00%

5.00%

SET A (50:20:15:10:5) SET B (45:20:20:10:5) SEFC (40:25:15:15:5) SET D (CLAY BRICK

7days ™28 Day

Figure 9: Water Absorption Test
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3.2 Discussion

All GFRG block sets are expected to outperform traditional clay bricks in compressive strength, with Set B (45% gypsum,
20% cement) showing the highest expected strength of 4.2-4.5 N/mm? at 28 days. Water absorption for GFRG blocks is
expected to be 9-13%, significantly lower than clay bricks (18-25%), indicating better durability and frost resistance.

The use of recycled gypsum and rice husk (obtained free of cost) makes the blocks highly cost-effective, with material cost
approximately 345.67 per block.

V. CONCLUSION
From this study, the following conclusions are drawn:

1. Cost Effectiveness: GFRG blocks are more economical compared to traditional clay bricks when recycled and
waste materials are utilized.

2. Awareness: There is a need to create awareness about GFRG block technology among builders and homeowners.

3. Sustainability: GFRG blocks are eco-friendly, using industrial waste gypsum and minimizing cement, steel, sand,
water, and labor input.

4. Affordable Housing: GFRG technology has the potential to meet the challenge of providing affordable mass
housing in India.

5. Material Cost: Total material cost for 12 blocks is approximately 3548 (345.67 per block) using freely available
recycled gypsum and rice husk.

ACKNOWLEDGMENT

The authors express sincere gratitude to the project guide, Prof. Ramya Raju, Department of Civil Engineering, for valuable
guidance and constant encouragement throughout this project. The authors are also grateful to Prof. Akshay Mistry, Head of
Department, for providing necessary facilities and support. Special thanks to construction site workers who allowed
collection of waste gypsum boards free of cost, and to the local rice mill in Virar for providing rice husk without charge. The
authors thank Ash-tech India and ESS EMM Chemicals, Malad, for supplying fly ash and glass fibre materials, and local
hardware stores for providing cement at reasonable rates.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest regarding the publication of this paper. This research was conducted
independently as part of an academic project without any financial or commercial relationships that could influence the
results or interpretation of the findings.

REFERENCES

[1] Tsvetkov N, Khutornoi A, Kozlobrodov A, Romanenko S, Shefer Y and Golovko A 2018 Influence of metal frame on heat protection
properties of a polystyrene concrete wall MATEC Web of Conferences 143 01005

[2] Glass Fibers Reinforced Concrete: Overview on Mechanical,Durability and Microstructure AnalysisJawad Ahmad 1, Roberto Alonso
Gonzélez-Lezcano, Received: 29 May 2022Accepted: 6 July 2022Published: 22 July 2022.

[3] Properties of Glass Fiber Reinforced Concrete: A Review 1Farhaz Ahmed, 2Manju Dominic 1M.Tech Research Scholar, 2Professor
Department of Civil Engineering, Faculty of Engineering and Technology, Manav Rachna International Institute of Research and
Studies, Faridabad, Haryana, India

[4] A review of the implementations of glass fiber in concrete technology,Ch. Devi, D.S. Vijayan b, Ramesh Nagalingam,S. Arvindan
Received: 29 Feb 2020Accepted: 6 July 2022Published: 15 July 2022.

[5] Design of a Structure with Glass Fiber Reinforced Gypsum Panels B. Siva Shankara Raol , B. Rama Krishna2 1M.Tech Student,
2Asst.professor M.Tech Structural Engineering, AMRITA SAI INSTITUTE OF SCIENCE AND TECHNOLOGY, Received: 23
April 2022Accepted: 10 July 2022 Published: 22 July 2022.

[6] INFLUENCE OF STEEL FIBER ON FLEXURAL STRENGTH OF PURE GYPSUM NOOR S.TARESH ,MALIKH, Nabil Habib
JASSEM, Zuhair Abd HACHEEM, Saeb F. AL-CHALABI ,Ahmed,S. D. AL-RIDHA, Received: 30 May 2022Accepted: 10 Aug
2022 Published: 22 Oct 2022.

[7] Strength Aspects of Glass Fibre Reinforced Concrete Avinash Gornale, S Ibrahim Quadri, S Mehmood Quadri,Syed Md Akram
Ali,Syed Shamsuddin Hussaini), Received: 5May 2022Accepted: 10 June 2022 Published: 22 Sept 2022.

Page | 119



14" National Conference on

Role of Engineers in Nation Building NCRENB-2026 organized by VIVA Institute of Technology, Mumbai

on 61 & 7" MARCH 2026

International Journal of Engineering Research & Science (IJOER) ISSN: [2395-6992] [Vol-12, Issue-3, March 2026]

[8] STRENGTH PROPERTIES OF GLASS FIBRE CONCRETE Chandramouli, Srinivasa Rao, Pannirselvam, Seshadri Sekhar T.4 and
Sravana, Received: 5March 2020Accepted: 10 June 2021 Published: 22 Sept 2022.

[9] Effect of Inclusion of Glass Fibers and GGBS in Concrete Paver Blocks B.A.V.Ram Kumarl , J.Venkateswara Rao, Received: 5May
2020Accepted: 10 April 2021 Published: 18 Sept 2022.

[10] Larionov A and Minnullina A 2017 Analysis of heat-conducting inclusions in exterior walls of residential building IOP Conference
Series: Earth and Environmental Science 90 012188.

Page | 120



